A previous publication from this laboratory (13) presented evidence for the occurrence in higher plants of a new enzyme, D-glyceric acid dehydrogenase, which catalyzes the reversible oxidation of D-glycerate to hydroxypyruvate in the presence of diphosphopyridine nucleotide 5 plete darkness are referred to as "dark-grown" plants. Good growth was maintained under these conditions. The plants were harvested at intervals and approximately 10 to 20 grams fresh weight of the portions to be analyzed were weighed, washed and then ground at 40 C for 1 minute in 200 ml of cold (-18°C) acetone in a Waring blendor. The powder was filtered and washed with another 200 ml of cold acetone in successive small portions, and then further dried and stored at 40 C in a desiccator under vacuum with CaCl2 as desiccant. This powder was extracted for 0.5 hour at 40 C in 25 to 50 ml of 0.001 MI phosphate buffer (pH 7.4), filtered through glass wool, and then centrifuged at high speed to give a clear supernatant. Dry weight analyses were made on this final extract. Dialysis made no appreciable difference in the enzymatic activity and was omitted. These acetone powder preparations gave a greater total activity for glyceric acid dehydrogenase than dialyzed extracts made by grinding frozen leaves in a mortar. The ratio of the activity of glyceric acid dehydrogenase to glyoxylic acid reductase was similar in the two different preparations.
Since the mere presence of an enzyme in a tissue does not establish a physiological role, further data are needed in order to elucidate the possible metabolic function of this enzyme. As an aid in obtaining such information, the developmental pattern of this dehydrogenase was studied. The previous investigation (13) had shown that although D-glyceric acid dehydrogenase is widely distributed in the tissues of various higher plants, the enzyme is present in a particularly high concentration in green leaves. This localization has been substantiated by following the pattern of the increase in the enzymatic activity upon germination. Another DPN-dependent enzyme, glyoxylic acid re-(luctase (17) , was studlied for comparison. Peas and wheat were selected as representative plants because of their ease of growth under laboratory conditions. MATERIALS AND METHODS Pea seeds (Pisum sativum var. Alaska) or wheat seeds (Triticum aestivum var. Pawnee) were sterilized for 15 minutes with a saturated solution of calcium hypochlorite before being soaked for 2 hours in distilled water. The seeds were placed on a layer of cheesecloth supported by a wire frame that was set into enamel trays plete darkness are referred to as "dark-grown" plants. Good growth was maintained under these conditions. The plants were harvested at intervals and approximately 10 to 20 grams fresh weight of the portions to be analyzed were weighed, washed and then ground at 40 C for 1 minute in 200 ml of cold (-18°C) acetone in a Waring blendor. The powder was filtered and washed with another 200 ml of cold acetone in successive small portions, and then further dried and stored at 40 C in a desiccator under vacuum with CaCl2 as desiccant. This powder was extracted for 0.5 hour at 40 C in 25 to 50 ml of 0.001 MI phosphate buffer (pH 7.4), filtered through glass wool, and then centrifuged at high speed to give a clear supernatant. Dry weight analyses were made on this final extract. Dialysis made no appreciable difference in the enzymatic activity and was omitted. These acetone powder preparations gave a greater total activity for glyceric acid dehydrogenase than dialyzed extracts made by grinding frozen leaves in a mortar. The ratio of the activity of glyceric acid dehydrogenase to glyoxylic acid reductase was similar in the two different preparations.
Since the equilibrium of this dehydrogenase reaction lies far in the direction of glyceric acid and DPN+, the enzymatic activity is most easily measured by observing the oxidation of DPNH in the presence of hydroxypyruvate. Therefore, in the subsequent experiments, the oxidation of DPNH was followed in a Beckman spectrophotometer by observing the change in the optical density (log I./I) at 340 m,u. Because DPNH is oxidized in the absence of added substrate by some of the enzyme extracts used (2), a control mixture without added substrate was always assayed in each experiment, and this rate of oxidation of DPNH was subtracted from the rate measured in a mixture with added substrate.
Suitable aliquots of the enzyme extract were added to each experimental cuvette to maintain a constant change in optical densnty equal to or less than 0.020 per minute over a period of 10 minutes. The final rates are expressed as the change in optical density per minute per shoot or per mg dry weight of the enzyme extract. Besides the enzyme, the experimental cuvettes contained the following components in a total volume of 3 ml: 0.2 ml of an 0. Upon germination, the increase in dehydrogenase activity is slow until the shoot begins the period of maximum growth in length associated with rapid leaf growth. The enzymatic activity in both peas and wheat increases rapidly 4 to 10 days after germination, reaching a maximum after about 10 days of growth. This increase is closely correlated with the formation of new compound leaves in the pea plant (table I). The average increase per shoot during the 4-to 10-day-old period is equivalent to a change in optical density of 1.8 per minute in peas and 0.6 in wheat. The increase in activity per mg dry weight of the enzyme extract is less dramatic, especially in the case of peas.
After the peak value at 9 to 10 days, wheat plants show a significant decrease in activity, especially when the results are expressed as the activity per shoot. This decrease is not due to the presence of any inhibitor in the preparations as no inhibition was observed when a 14-day-old wheat extract was added to the more active earlier extracts of either wheat or peas. It is still possible, however, that the enzyme is inactivated in these older plants by a substance that is no longer inhibitory in the enzyme extracts. The decrease on a dry weight basis may mean that the synthesis of the enzyme is not keeping pace with the synthesis of other protein after this peak period at 9 to 10 days. The actual loss of activity per shoot is much less apparent or perhaps not existent in pea seedlings during the 14-day period studied, but the activity per mg dry weight decreases as in wheat plants.
All of the above preparations were assayed for lactic acid dehydrogenase because this enzyme can also reduce hydroxypyruv-ate (9 of lactate at pH 9, indicating the absence of a lactic dehydrogenase. The activity with pyruvate could be explained by the presence of pyruvic acid carboxylase, which would convert the pyruvate to acetaldehyde, coupled with alcohol dehydrogenase, which would then oxidize the DPNH.
Glyoxylic acid reductase activity of the same preparations follows a similar pattern of increase during the early growth of the shoot, but the actual rate of increase is not as rapid ( fig. 1, C and D from about 3 to 15 in peas, and from 1 to 25 in wheat (table I) .
EFFECT OF LIGHT ON THE ENZYMATIC ACTIVITY: Since glycolic acid oxidase (14) and TPN-glyceraldehyde dehydrogenase (4) have been reported to be found predominantly only in light-grown plants, the effect of complete darkness during the growth of the seedlings on the enzymatic activity of D-glyceric acid dehydrogenase was investigated. In contrast to the above mentioned light-dependent enzymes, the activity of this dehydrogenase was equal in light-and dark-grown plants of similar size.
Except for some difference in total height, the pattern of growth in wheat is similar in plants grown for about a week in the dark or in the light. Two trays of wheat seeds were grown in the dark for eight days, and then one tray was removed and kept in continuous light for the next 24 hours. Little 18 ,000 x g for 60 minutes. The centrifuged particles were washed once with the same medium, and then both fractions were precipitated with acetone. Approximately 5 to 10 % of the total activity (of the particles plus the supernatant) was associated with the washed crude particulate fraction (presumably containing chloroplasts, mitochondria, etc) while the remaining 90 to 95 % appeared in the soluble fraction of the supernatant. Although the present study with peas cannot differentiate between secondary adsorption during extraction, and the valid localization of this small percent of activity with leaf particles, the majority of the enzyme is certainly soluble under the conditions employed.
DISCUSSION
The metabolic function of the two organic acids, glyceric and hydroxypyruvic, are not well known. Glyceric acid is of interest because of its possible relationship to the early photosynthetic intermediate, 3 -phospho-D-glycerate. Free glyceric acid has also, been identified among the early products of photosynthesis (1), but it is not clear whether this is merely the result of phosphatase activity. In a study of the synthesis of ascorbic acid in cress seedlings, Isherwood, Chen, and Mapson (6) observed that an increase in D-glyceric acid was generally associated with the ascorbic acid increase which occurs during the first 5 days of growth after germination. Although the relationship between these two substrates was not elucidated, D-glyceric acid did not appear to be a precursor of ascorbic acid, nor was ascorbic acid the pre--cursor of D-glyceric acid.
